The histologic distinction between peritoneal epithelioid mesotheliomas and serous carcinomas diffusely involving the peritoneum may be difficult, but it can be facilitated by the use of immunohistochemistry and electron microscopy. D2-40 and podoplanin are two recently recognized lymphatic endothelial markers that can be expressed in normal mesothelial cells and mesotheliomas. The purpose of this study is to compare the value of these new mesothelial markers with those that are commonly used for discriminating between mesotheliomas and serous carcinomas, and also to determine the current role of electron microscopy in distinguishing between these malignancies. A total of 40 peritoneal epithelioid mesotheliomas and 45 serous carcinomas of the ovary (15 primary, 30 metastatic to the peritoneum) were investigated for the expression of the following markers: D2-40, podoplanin, calretinin, keratin 5/6, thrombomodulin, MOC-31, Ber-EP4, B72.3 (TAG-72), BG-8 (Lewis Y ), CA19-9, and leu-M1 (CD15). All 40 (100%) of the mesotheliomas reacted for calretinin, 93% for D2-40, 93% for podoplanin, 93% for keratin 5/6, 73% for thrombomodulin, 13% for Ber-EP4, 5% for MOC-31, 3% for BG-8, and none for B72.3, CA19-9, or leu-M1. All 45 (100%) serous carcinomas were positive for Ber-EP4, 98% for MOC-31, 73% for B72.3, 73% for BG-8, 67% for CA19-9, 58% for leu-M1, 31% for keratin 5/6, 31% for calretinin, 13% for D2-40, 13% for podoplanin, and 4% for thrombomodulin. After analyzing the results, it is concluded that Ber-EP4 and MOC-31 are the best negative mesothelioma markers for differentiating between epithelioid mesotheliomas and serous carcinomas. The best discriminators among the positive markers for mesotheliomas are D2-40, podoplanin, and calretinin. From a practical point of view, Ber-EP4 and MOC-31, in combination with calretinin, and/or D2-40 or podoplanin allow the differential diagnosis to be established between mesothelioma and serous carcinoma in nearly all instances. As a clear distinction could be made between these two malignancies in all of the cases in which electron microscopy was performed, this technique can be very useful in establishing the correct diagnosis when the immunohistochemical results are equivocal or further support of a diagnosis of either mesothelioma or serous carcinoma is needed.
Epithelioid mesotheliomas, especially those presenting papillary or tubulopapillary growth patterns, can be difficult to differentiate from primary or metastatic serous papillary carcinomas diffusely involving the peritoneum due to overlapping morphologic features. It is generally accepted that immunohistochemical studies can be helpful in establishing the correct diagnosis, but, because a specific marker for either mesothelioma or serous carcinoma has not yet been identified, the differential diagnosis between these malignancies is based on the use of immunohistochemical panels that combine markers that are commonly expressed in epithelioid mesotheliomas, but not in serous carcinomas with markers that are often expressed in serous carcinomas but not in mesotheliomas. 1, 2 In 1998, in the largest study on the role of immunohistochemistry in the diagnosis of peritoneal mesotheliomas, 16 markers that at that time were considered to have some potential utility in the diagnosis of this tumor were evaluated. 2 The conclusion of that investigation was that calretinin, thrombomodulin, and keratin 5/6 were the best positive mesothelioma markers and MOC-31, B72.3, Ber-EP4, CA19-9, and leu-M1 (CD15) were the best negative mesothelioma markers for differentiating peritoneal epithelioid malignant mesotheliomas from papillary serous carcinomas diffusely involving the peritoneum. Several new markers have since been investigated as to their potential utility in the diagnosis of mesothelioma. These include Ecadherin, [3] [4] [5] [6] N-cadherin, 4, 6, 7 Wilms' tumor protein 1 (WT1), 5, 8, 9 CD44S, 1,5,9,10 mesothelin, 11 and the BG-8 antibody that reacts with the Lewis Y antigen. 5, 7, 9, 12, 13 Among these markers, only BG-8 has been found to be useful in discriminating between epithelioid mesotheliomas and ovarian serous carcinomas by the demonstration of strong positivity in the large majority of serous carcinomas of the ovary, but not in mesotheliomas which are almost invariably negative or rarely weakly positive. 5 As WT1 and mesothelin were found to be strongly expressed in serous carcinomas of the ovary, these markers have no utility in discriminating these tumors from mesotheliomas. 5, 11, 14 WT1 and mesothelin were found to be useful positive markers that could assist in distinguishing epithelioid mesotheliomas, which usually express these markers, from lung adenocarcinomas which are negative. 5, 9, 11, 15 None of the other markers proved to have any utility.
Podoplanin and the monoclonal antibody D2-40 are two markers that have recently been recognized to be highly specific for lymphatic endothelium. [16] [17] [18] [19] Two recent investigations on D2-40 (one published only in abstract form) have indicated that, because this antibody often reacts with epithelioid mesotheliomas, but not with carcinomas, it could be useful in discriminating between these malignancies. 20, 21 Only one of these studies, 20 however, included serous carcinomas of the ovary in their general group of carcinomas of various histologic types and origins. In that investigation, the authors reported some differences in D2-40 reactivity between mesotheliomas and serous carcinomas, but they did not draw any conclusions regarding whether or not immunostaining for this marker had any utility in the differential diagnosis between these two tumors. 20 Kimura and Kimura 22 recently reported that podoplanin is also commonly expressed in epithelioid mesotheliomas, but not in carcinomas, and they, therefore, suggested that this marker could assist in the differential diagnosis of these tumors.
The purpose of this study is to review the current information on the value of the various markers which, at present, are considered to be useful in differentiating between epithelioid peritoneal mesotheliomas and serous carcinomas, to evaluate the potential utility of D2-40 and podoplanin in this differential diagnosis, and to determine the current role of electron microscopy in discriminating between these malignancies, especially since this technique was, for some time, considered to be the gold standard in the diagnosis of mesothelioma. To my knowledge, only two comparative studies on the value of electron microscopy in distinguishing mesotheliomas from serous carcinomas have been published, 23, 24 and the number of cases in both studies was rather limited.
Materials and methods
The material used in this study was obtained from the Department of Pathology at the University of Texas MD Anderson Cancer Center. It consisted of 40 cases of peritoneal malignant epithelioid mesothelioma, and 45 serous carcinomas of the ovary (15 primary, 30 metastatic to the peritoneum). Twenty-five of the mesotheliomas occurred in women and 15 in men. The diagnosis in all of the mesothelioma cases was made using WHO criteria on hematoxylin and eosin-stained sections combined with immunohistochemical and clinical features. 25 Immunohistochemical studies were performed on formalin-fixed, paraffin-embedded tissue sections using the avidin-biotin-peroxidase complex method in a Dako AutoStainer (Carpinteria, CA, USA). The primary antibodies that were used are listed in Table 1 . The immunostaining was done using the LSAB2 peroxidase kit (Dako). To enhance the immunostaining, a heat epitope retrieval procedure was performed using a Black-and-Decker (Shelton, CT, USA) vegetable steamer as previously described. 9 Depending on the antibody, the buffer solutions used were either sodium citrate buffer, pH 6.0, or a 10:1 solution of Tris-EDTA buffer, pH 8.0. Enzymatic pretreatment with 0.2% protease, type XXIV (Sigma Chemical, St Louis, MO, USA) in Trisbuffer saline, pH 7.3, at room temperature for 2 min, was used with the Ber-EP4 antibody. The antigenantibody reaction was visualized using 3-amino-9-ethylcarbazole or 3,3 0 -diaminobenzidine tetrahydrochloride as chromogen. To evaluate the specificity of the antibodies, known positive and negative tissues were used as controls. The immunostaining was graded on a sliding scale of 1 þ to 4 þ according to the percentage of reactive cells (trace, o1%; 1 þ , 1-25%; 2 þ , 26-50%; 3 þ , 51-75%; 4 þ , 76-100%).
Ultrastructural studies were performed in 15 mesotheliomas and 20 serous carcinomas. Samples for electron microscopy were fixed in 2% glutaraldehyde in phosphate buffer, post-fixed in 1% osmium tetroxide, and embedded in Epon epoxy resin. Ultrathin sections were stained with uranyl acetate and lead citrate.
Results

Immunohistochemical Findings
The immunohistochemical results are summarized in Table 2 .
D2-40
In all, 37 (93%) of the 40 mesotheliomas stained with the D2-40 antibody. The reaction was strong and diffuse (3 þ or 4 þ ) in the large majority of the cases, and it was characterized by a continuous, thick, membranous staining pattern along the apical cell membranes in all of the better differentiated and papillary tumors (Figure 1a ). In the solid or lessdifferentiated tumors, the reaction was less consistent, at times appearing to encircle the cells, or, in other instances, exhibiting a discontinuous membranous staining pattern (Figure 1b) . Six (13%) of the 45 serous carcinomas stained with the D2-40 antibody. In all of the cases, the reaction occurred on the apical surface of the cell, and it was graded as 2 þ in two cases and 1 þ in the remaining four (Figure 1c) .
Podoplanin
Podoplanin expression was demonstrated in the same 37 mesothelioma cases that reacted with the D2-40 antibody. The reaction was graded as 4 þ in 16 cases, 3 þ in 8, 2 þ in 9, and 1 þ in 4. The staining pattern was similar to that seen with the D2-40 antibody (Figure 1d, e) . Six (13%) of the 45 serous carcinomas exhibited podoplanin expression, and, in all instances, the staining occurred along the apical surface of the cells in a continuous pattern (Figure 1f ). In two cases, the reaction was graded as 2 þ and in four as 1 þ .
Calretinin
All 40 (100%) mesothelioma cases reacted for calretinin. In nearly all instances, the staining was strong and diffuse (3 þ or 4 þ ) and occurred in both the cytoplasm and the nucleus (Figure 2a ). In all, 14 (31%) of the 45 serous carcinomas were calretinin positive. In three of the cases, the reaction was graded as 3 þ , in three as 2 þ , in seven as 1 þ , and trace in the remaining one.
Keratin 5/6
In all, 37 (93%) of the 40 mesotheliomas exhibited keratin 5/6 expression. The staining was strong (3 þ and 4 þ ) and evenly distributed throughout the cytoplasm in 22 of these cases. Keratin 5/6 positivity was observed in 14 (31%) of the 45 serous carcinomas (Figure 2b) . In four cases, the reaction Diagnosis of peritoneal mesotheliomas and serous carcinomas NG Ordóñez was graded 2 þ , in seven 1 þ , and trace in the remaining three.
Thrombomodulin
Out of the 40 mesotheliomas, 29 (73%) showed TM reactivity along the cell membrane ( Figure 2c ). Only two (4%) of the serous carcinomas exhibited positivity for this marker in a few tumor cells.
MOC-31
Out of the 45 serous carcinoma cases, 44 (98%) stained with the MOC-31 antibody. The reaction was often strong and occurred in the cytoplasm and along the cell membrane ( Figure 2d ). In 29 of the cases, the reaction was graded as 4 þ , in nine as 3 þ , in four as 2 þ , and 1 þ and trace in one case each. Only two (5%) mesothelio- mas exhibited MOC-31 positivity in a few tumor cells.
Ber-EP4
All (100%) of the 45 serous carcinomas reacted with the Ber-EP4 antibody. In the large majority of the cases, the reaction was strong and diffuse (34 were graded 4 þ and eight 3 þ ) ( Figure 2e ). Only five (13%) of the mesotheliomas exhibited Ber-EP4 positivity in a limited number of cells. The staining was graded 1 þ in three cases, and trace in the remaining case. The reaction in both types of tumors occurred along the cell membranes.
B72.3
Out of the 45 serous carcinomas, 33 (73%) stained with the B72.3 antibody and the reaction often occurred along the apical surface of the cells ( Figure  2f ). In the large majority of the cases, the reaction was focal. In 19 of the cases, the reaction was graded as 1 þ or 2 þ , and in seven it was limited to scattered cells (trace). None of the mesotheliomas stained with this antibody.
BG-8
Out of the 45 serous carcinomas, 33 (73%) reacted with the BG-8 antibody. In 14 of these cases, the staining was strong and diffuse (3 þ or 4 þ ). Only one mesothelioma was BG-8 positive. In this case, the staining was limited to a few tumor cells.
CA19-9 CA19-9 positivity was observed in 30 (67%) of the 45 serous carcinomas. In the majority of these cases, the reaction was focal. None of the mesotheliomas expressed this marker.
Leu-M1 (CD15)
Out of the 45 serous carcinomas, 26 (58%) reacted with the leu-M1 antibody. In the majority of the cases, the staining was focal and occurred along the cell membrane. None of the mesotheliomas stained with this antibody.
Ultrastructural Findings
The most common ultrastructural characteristics of the mesotheliomas were the presence of long, slender, often branching, undulating microvilli on the apical surface of the cuboidal cells lining the tubules or papillae (Figure 3a . A rare cell exhibiting a single cilium was identified in three of the cases, and, in one of these, the cilium was intracytoplasmic ( Figure 9 ). In the serous carcinomas, microvilli were present only on the luminal or papillary surfaces. They were usually straight, varied in length, and were fewer in number than in the mesotheliomas (Figures 10a and  11 ). The cell membranes were closely apposed and sometimes appeared to be interdigitating, especially in the low-grade tumors ( Figure 12 ). Multiciliated cells were occasionally seen in some of the lowgrade serous tumors, and a large number of microvilli were distributed between the cilia on the surface of these cells (Figure 10a, b) . A few or a single cilium were often found in the higher-grade serous carcinomas, but, in general, these structures tended to be less common in the less-differentiated tumors ( Figure 13 ). Small bundles of intermediate filaments were only rarely identified in the cytoplasm of three cases.
Discussion
Mesotheliomas are one of the most intensively investigated tumors by immunohistochemical methods. New markers that may have a potential utility in this diagnosis are continually being recognized; however, the various reports that appear in the literature often contain conflicting results on the value of these markers. The primary focus of the large body of existing literature has been on the value of immunohistochemistry in establishing the differential diagnosis between pleural mesotheliomas and lung adenocarcinomas. Relatively little has been published on the value of this technique in distinguishing peritoneal mesotheliomas from ser- ous papillary carcinomas of the ovary and peritoneum, even though, in my experience, this differential diagnosis can, in some instances, be even more challenging than that between pleural mesotheliomas and lung adenocarcinomas. Unfortunately, most of the markers that have proved to be very useful in the latter differential diagnosis do not have the same degree of sensitivity and/or specificity for distinguishing between peritoneal mesotheliomas and serous carcinomas of the ovary and peritoneum. For example, according to most investigators, CEA is not expressed in mesotheliomas, but it is present in over 75% of lung adenocarcinomas. 9, 26 As this marker has been reported in 0-45% Figure 4 Although these mesothelioma cells do not display the same profusion of microvilli seen in the case in Figure 3a , b, the dilatation of the intercellular space together with the presence of microvilli along the lateral cell membrane support the diagnosis of mesothelioma over serous carcinoma. That the entire cell membrane seen in the lower left corner of the figure is covered by microvilli is also an indication that the tumor is a mesothelioma ( Â 3800). of serous carcinomas of the ovary and peritoneum, 2,13,27,28 it has no practical utility in this differential diagnosis.
D2-40 is a mouse monoclonal antibody that reacts with a 40 kDa O-linked sialoglycoprotein, better known as the oncofetal M2A antigen, in fetal germ cells and germ-cell tumors. 29 It has been reported that, because the antigen recognized by this antibody is selectively expressed in lymphatic endothelium, it could be helpful for both the diagnosis of lymphatic-derived tumors and lymphatic invasion by tumors. 16, 17 In the present investigation, 37 (93%) of the mesotheliomas showed D2-40 positivity, which was strong and diffuse in the large majority of the cases. This is comparable to the results . In addition to the cilia, the cell membrane appears to be covered by many microvilli, which exhibit a great variation in their lengths (a, Â 5500; b, Â 23 000).
17 (65%) of 26 serous carcinomas. Given the fact that the same antibody dilution and a similar antigen retrieval procedure were used in both studies, the cause of the discrepancy between these results is unclear.
Originally detected on the surface of rat glomerular epithelial cells (podocytes), podoplanin is a 38 kDa membrane mucoprotein that was found to be linked to the flattenting of foot processes in puromycin-induced nephrosis. 30 Podoplanin displays the features of a type I membrane protein with several O-glycosylation sites. As similar proteins have been identified as counter-receptors for selectins which mediate inflammatory cell adhesion, 31 podoplanin may play a similar role in lymphatic endothelium. 18 Recent investigations have shown that podoplanin can be used as a selective marker of lymphatic endothelium 32, 33 and that, like D2-40, it is expressed in lymphangiomas, Kaposi's sarcomas, and a subgroup of angiosarcomas, but not in endothelial cells of blood vessels. Kimura and Kimura 22 recently reported podoplanin expression in five mesotheliomas, but in none of 93 adenocarcinomas of various origins, including six of the ovary. Based on these findings, they suggested that immunostaining for this marker could be useful in the diagnosis of mesothelioma. In the present investigation, 93% of the mesotheliomas and 13% of the serous carcinomas were podoplanin positive. This finding indicates that podoplanin has a similar specificity and sensitivity as D2-40 for discriminating between these malignancies.
Calretinin was first recognized as being a useful positive marker for the diagnosis of mesothelioma by Doglioni et al, 34 who reported strong reactivity in all 36 epithelioid mesotheliomas, but only focal staining in 28 (10%) of 294 adenocarcinomas of various origins. Although the utility of calretinin immunostaining in the diagnosis of mesothelioma was confirmed in subsequent studies, 3, 7, 9, 10, 35, 36 only a few investigations on the expression of this marker in serous carcinomas have been published 1, 2, 20, 34, 37 ( Table 3 ). In the present study, all of the mesotheliomas showed diffuse strong reactivity for calretinin, which confirms the findings of previous investigations, indicating that this marker is frequently expressed in these tumors. 3, 9, 34, 36 In all, 14 (31%) of the 45 serous carcinomas also exhibited calretinin expression. In contrast to earlier investigations in which the staining for calretinin was reported as being either focal or negative, 1,2,34 three of the serous carcinomas in the present study exhibited strong reactivity (3 þ ), a finding which indicates that the specificity of this marker for discriminating between serous carcinomas and peritoneal epithelioid mesotheliomas is lower than previously thought. Two of these three cases were found to be strongly positive for Ber-EP4, but negative for keratin 5/6. Of these two cases, one was negative for MOC-31 and the other exhibited trace positivity. Owing to these results, electron microscopy studies were performed and only afterwards was it possible to establish the diagnosis of serous carcinoma. Keratin 5/6 is another positive mesothelioma marker that, like calretinin, has also been proven to be helpful in the diagnosis of mesothelioma. 9, 35, 38, 39 Although the utility of this marker in discriminating between pleural mesotheliomas and lung adenocarcinomas has been well established, its value in differentiating between peritoneal mesotheliomas and serous carcinomas of the ovary and peritoneum is less clear (Table 4 ). In the present investigation, 37 (93%) of the 40 mesotheliomas expressed keratin 5/6. The reaction was strong and diffuse in 22 (59%) of these cases and focal in 15 (41%). In all, 31% of the serous carcinomas also showed focal keratin 5/6 positivity. This finding indicates that keratin 5/6 immunostaining has only a limited value in discriminating between mesotheliomas and serous carcinomas of the ovary and peritoneum.
Thrombomodulin was the first of the positive mesothelioma markers that proved to be useful in the diagnosis of this tumor. Most studies have primarily focused on the utility of this marker in discriminating between mesotheliomas and lung adenocarcinomas, 9, 26, 34, 35, [41] [42] [43] while only a few have investigated its value in differentiating peritoneal epithelioid mesotheliomas from serous carcinomas. 1, 2, 44 The reported percentages of thrombomodulin expression in serous carcinomas have ranged from 2 to 35%, and for peritoneal epithelioid mesotheliomas from 33 to 74% 1,2,44 (Table 5 ). In the present investigation, 73% of the mesotheliomas and 4% of the serous carcinomas were thrombomodulin positive. Although the causes of the discrepancies between the results obtained in this investigation and those reported by others 1,44 is unclear, it is possible that the selection of the cases, prolonged fixation, or the interpretation of the immunostaining results may have played a role.
MOC-31 is a monoclonal antibody that reacts with a 38 kDa epithelial associated protein that is commonly expressed in carcinomas, but not in mesotheliomas. 2, 9, 45, 46 In the present investigation, 44 (98%) of the 45 serous carcinomas and two (5%) of the 40 mesotheliomas stained with this antibody. The reaction in the serous carcinomas was often strong and diffuse, while, in the mesotheliomas, it was Ber-EP4 is a monoclonal antibody that reacts with an epithelial antigen of unknown function that is commonly expressed in a wide variety of carcinomas, but rarely in mesotheliomas. 47, 48 Although many studies have been published on the value of this marker in distinguishing between pleural mesotheliomas and lung adenocarcinomas, 26, 34, 35, 49 only a few have been done on the differential diagnosis between serous carcinomas of the ovary and peritoneum, and peritoneal epithelioid mesotheliomas 1,2 ( Table 6 ). In the present investigation, 100% of the serous carcinomas and 13% of the mesotheliomas reacted with the Ber-EP4 antibody. These figures are comparable to those previously reported. 1, 2 Since the reactivity in the serous carcinomas was often strong and diffuse, in contrast to that seen in the mesotheliomas which, when it occurred, was usually focal, Ber-EP4 immunostaining could be useful in assisting in distinguishing between these tumors.
In 1985, Lafebvre et al 52 reported strong B72.3 reactivity in 17 (85%) of 20 lung adenocarcinomas, whereas only two (20%) of 10 epithelioid mesotheliomas exhibited weak positivity and, because of this, they suggested that immunostaining with this antibody could be useful in assisting in the differential diagnosis between these two malignancies. Although the value of B72.3 in the diagnosis of mesothelioma was confirmed in many subsequent investigations, 9, 26, 41, 53 some controversy still exits regarding the percentages of adenocarcinomas and mesotheliomas that are positive for this marker. The reported percentage of positivity for adenocarcinomas of the lung has ranged from 35 to 100%, 9, 41, 53 and for mesotheliomas in general from 0 to 48%. 7, 9, 41 The immunostaining results obtained in serous carcinomas and peritoneal epithelioid mesotheliomas that have been reported by different groups of investigators 2, 27, 28, 50, [54] [55] [56] are summarized in Table 7 . In the present investigation, 73% of the serous carcinomas and none of the mesotheliomas reacted with the B72.3 antibody. Since the majority of the serous carcinomas exhibited focal positivity while only a minority reacted strongly and diffusely, the sensitivity of B72.3 for discriminating serous carcinomas from mesotheliomas is low, especially when compared with other negative markers such as Ber-EP4 or MOC-31. The results of this study also indicate that B72.3 positivity in mesotheliomas should be regarded as a rare phenomenon.
Leu-M1 (CD15) was one of the first immunohistochemical markers that proved to be useful in the diagnosis of mesotheliomas. 56, 57 CD15 expression has been demonstrated in 30-80% of serous carcinomas 1, 2, 27, 28, 50, 55, 56 (Table 8) . Although some series have also reported positivity in a minority of mesotheliomas, 3, 13, 41, 58 in the present investigation, as well as in previous studies by this author 2,9,26 and others, 56, 57, 59 none of the mesotheliomas exhibited CD15 expression. In the current investigation, only 56% of the serous carcinomas expressed CD15. These results indicate that this marker has a low sensitivity for distinguishing between serous carcinomas and epithelioid mesotheliomas. CA19-9 is a sialynated lacto-N-fucopentaose II related to the Lewis a blood group 60 that is commonly expressed in adenocarcinomas of the ovary, 61, 62 pancreas, 60 gastrointestinal tract, 60, 61 and lung, 63 but not in mesotheliomas. 2, 64 In the present investigation, CA19-9 expression was demonstrated in 67% of the serous carcinomas, but in none of the mesotheliomas. This finding indicates that, even though CA19-9 is 100% specific for discriminating between serous carcinomas and peritoneal mesotheliomas, its sensitivity is rather low, thus limiting its practical utility.
BG-8 is a monoclonal antibody that recognizes the blood group antigen Lewis Y . 12 In 1997, Riera et al, 13 using this antibody, demonstrated Lewis Y expression in 187 (89%) of 211 adenocarcinomas of various origins, but in only five (9%) of 57 epithelioid mesotheliomas. As the majority of the adenocarcinomas exhibited a diffuse strong positivity, while the staining in the mesotheliomas was focal and weak, these investigators concluded that BG-8 immunostaining could assist in distinguishing epithelioid mesotheliomas from adenocarcinomas. In the present study, 73% of the serous carcinomas reacted with the BG-8 antibody and, in the majority of cases, the staining was strong and diffuse. In contrast, only one (3%) of the mesotheliomas stained with this antibody and the reaction occurred in a limited number of cells.
In all of the cases in which electron microscopy studies were performed, this technique allowed the differential diagnosis to be clearly established between epithelioid mesothelioma and serous carcinoma. The mesotheliomas were characterized by a profusion of long, slender, wavy microvilli occurring along any of the surfaces of the cells. This is in contrast to the serous carcinomas in which the microvilli were less numerous, and straight, and, although they were of varying lengths, they were in general shorter and confined to the luminal and papillary surfaces. Additionally, the cell membranes in the serous carcinomas were intimately apposed, while, in the mesotheliomas, intercellular gaps that often exhibited microvilli were a common finding. Similar to previous ultrastructural studies, large collections of intermediate filaments arranged in tonofibrillar bundles and intracytoplasmic lumens covered by microvilli were common findings in mesotheliomas, [65] [66] [67] but not in serous carcinomas. [68] [69] [70] No intracytoplasmic lumens were identified in any of the serous carcinomas investigated, and only rare small bundles of intermediate filaments were found in a few cases. Another finding that was helpful in distinguishing serous carcinomas from mesotheliomas was the presence of multiciliated cells in serous carcinomas, but not in mesotheliomas. Multiciliated cells, such as those shown in Figure 10a and b, have previously been reported in serous carcinomas and are more often found in low-grade serous carcinomas and serous tumors of borderline malignancy originating in the ovary and peritoneum. 23, 24, [69] [70] [71] [72] Neither in the present study nor in previous investigations have these cells been found in mesotheliomas. Cells presenting a solitary cilium or a few cilia have frequently been found in serous carcinomas, including those of high-grade malignancy; however, their occurrence in mesotheliomas is exceedingly rare.
73,74
The results of this investigation indicate that, because of their sensitivity and specificity, Ber-EP4 and MOC-31 are the best of the negative mesothelioma markers. Ber-EP4 positivity was observed in 100% of the serous carcinomas, and in nearly all of the cases the staining was strong and diffuse, in contrast to the mesotheliomas in which 13% reacted for this marker in sparse cells or small areas of the tumor. The sensitivity of MOC-31 is comparable to that of Ber-EP4 in that the large majority of serous carcinomas are strongly positive for this marker, but its specificity appears to be higher since only 5% of the mesotheliomas exhibited positivity for this marker in a few cells. All of the other negative markers investigated may also be useful, but they are less sensitive than either Ber-EP4 or MOC-31. Like the other positive mesothelioma markers, neither D2-40 nor podoplanin are absolutely specific for epithelioid mesotheliomas. Their specificity is higher than that of calretinin, but their sensitivity is somewhat lower. Thrombomodulin appears to be highly specific for mesotheliomas, but its sensitivity is lower than the previously mentioned markers. Keratin 5/6 has no practical utility in discriminating between epithelioid mesotheliomas and serous carcinomas. From a practical point of view, using Ber-EP4 and MOC-31 in combination with calretinin and/or D2-40 or podoplanin will usually make it possible to distinguish between serous carcinomas and mesotheliomas. Since it was possible to make a clear distinction between the mesotheliomas and serous carcinomas in all of the cases in which electron microscopy studies were performed, this technique can be extremely useful in establishing the correct diagnosis in those cases in which the immunohistochemical results are equivocal or a further substantiation of a diagnosis of mesothelioma is needed for medical or legal purposes.
